Background: Dentofacial deformities frequently require orthodontic treatment. Understanding of preventable risk factors is essential for reducing treatment need. Upper airway obstruction (for example due to hypertrophic adenoids and/or tonsils) has been hypothesized to be a risk factor. Objectives: This systematic review aimed to reflect the contemporary evidence on the risk of obstruction by hypertrophic adenoids and/or tonsils, by assessing the dentofacial changes after adeno-and/or tonsillectomy. Search methods: A systematic search of electronic databases and manual searches of grey literature and reference lists of relevant studies was performed. Selection criteria: No restrictions were placed on publication language. Experimental, cohort, and case-control studies were eligible for inclusion. Studies reporting associations between treatment of adenoid and/or tonsil hypertrophy and dentofacial deformities in children were included. Adenoidectomy and/or tonsillectomy were performed in all patients; outcomes were assessed before and after surgery. Data collection and analysis: Data were extracted by two independent reviewers in duplicate. The Cochrane Risk of Bias tool was used to assess the methodological quality of the included papers. Results: The initial search yielded 1196 papers, of which 16 articles could be included. All papers described controlled prospective cohort studies, reporting on a total of 461 patients and controls (mean age, 4.1-13.9 years). A descriptive and quantitative synthesis of dentofacial change postoperatively is presented. Consistent findings across studies were the normalisation towards labial inclination of the upper and lower incisors and towards a more horizontal mandibular growth pattern. No change in vertical or sagittal maxillary growth was reported after surgical treatment. Post-surgical increase in maxillary archwidth and decrease in lateral crossbite-frequency were consistently reported. Findings on overjet, overbite and angle from S to N to B (SNB-angle), mandibular arch width, and gonial angle were inconsistent.
Introduction

Rationale
The prevalence of orthodontic malocclusion varies from 39 per cent to 93 per cent, depending on the population and registration method (1) . Prevention of malocclusion may help reduce the need for orthodontic treatment, but requires proper knowledge of (modifiable) risk factors. In the research literature, both hereditary and environmental variables (e.g. finger-sucking habits or tongue posture) have been reported as risk factors (2) . Since the 19 th century, mouth-breathing due to upper airway obstruction has also been believed to affect dentofacial morphology, e.g. the development of a long face with a narrow V-shaped maxillary arch (3) (4) (5) (6) . This may be biologically explained in that nasal obstruction causes changes in the posture of the head, the jaw, and the tongue. In order to breathe through the mouth, the head is tipped back and the mandible and tongue is lowered. This may change muscular balance and alter the pressure on the jaw and teeth (2, 7, 8) . Consequently, clinicians tend to consider mouth-breathing caused by nasal obstruction in their problem-list for orthodontic treatment. However, the influence of upper airway obstruction on dentofacial deformity has been under debate for more than 100 years; the evidence in support of the hypothesis that airway obstruction is a causal factor in dentofacial deformity remains elusive, particularly since oral and nasal respiratory modes are thought to exist simultaneously and nasal obstruction is seldom complete (2, 7) . It is difficult to determine the extent of mouth-breathing reliably (7) . Behlfelt reported that young children with enlarged tonsils use mouth-breathing 59 per cent of the time during the day and 82 per cent during the night (9) . Linder-Aronson reported improvements in dental position in children after adenoidectomy and suggested that the reduced size of the adenoids 'after' surgery allows switching from oral to nasal respiration, followed by raising of the tongue and closing of the lips, and leading to changes in dentition (10) .
Objectives
Based on biologically plausible explanations, a relationship between mouth-breathing (for example, due to adeno/tonsillar hypertrophy) and dentofacial deformities can be assumed. Nevertheless, there has been no systematic review of the literature for contemporary evidence supporting this hypothesis. The objective of this systematic literature review was to reflect the contemporary evidence regarding the association between adeno-and/or tonsillectomy and dentofacial deformity in children. We aimed to determine whether adenoid and/or tonsillar hypertrophy is a risk factor for the development of malocclusion and/or changes in craniofacial morphology, based on longitudinal studies in growing patients.
Materials and methods
Protocol
The protocol for this review was pre-determined following the general method for Cochrane reviews. The Preferred Reporting Items for Systematic Reviews (PRISMA) checklist was used for conducting this review (11) . The outline of the protocol can be found in Supplementary Appendix A.
Eligibility criteria
Only studies reporting on children aged between 3-18 years, who had indications for adenoidectomy and/or tonsillectomy, were included. Studies reporting on patients with a history of persistent sucking habits, orthodontic treatment, cleft lip and/or palate, or craniofacial syndromes were excluded. All studies with outcome measures associated with occlusal traits identified by the Index of Complexity, Outcome, and Need (ICON) (12) , the Peer Assessment Rating (PAR) (13) , changes in the maxillary and mandibular intercanine width, intermolar width, arch length, arch perimeter, palatal depth, and all outcomes that are associated with craniofacial growth in the vertical, sagittal, and transverse direction could be considered for inclusion in this review. Outcomes had to be assessed at minimally two points in time: before and after surgery. Experimental, cohort, and case-control studies were eligible for inclusion in this review. Language was not restricted.
Information sources and search strategy
A strategy for searching electronic databases was developed, using PubMed, MEDLINE, EMBASE, TRIP, Google Scholar, Cochrane Central Register of Controlled Trials (CENTRAL), and Cochrane Oral Health Group Specialized Register. Supplementary Appendix B shows the detailed search strategy, from inception to August 2015, updated in February 2016, in Embase and Pubmed (Medline). The paper versions of clinical orthodontic journals were searched manually, from 1980 until they were electronically available in one of the above-mentioned databases. Bibliographies of the relevant studies were checked for potentially eligible studies. Grey literature was searched in OpenGrey from 2010 until December 2015. Ongoing trials were searched in the international Clinical Trial Registry Platform of the World Health Organization or the TRIP-database. Authors or topic area specialists were contacted for possible additional information.
Study selection
After inclusion of all possibly eligible studies, references were deduplicated. Assessment of studies for eligibility for inclusion into the review was performed independently by two reviewers [Bibi Becking (BB) and Sonja Kalf (SK)], in duplicate. First selection was based on the titles and abstracts of the papers. Subsequently, the full-texts of potentially relevant studies were acquired and evaluated. Any disagreement about the application of inclusion criteria to these studies was resolved by discussion, or by arbitration by a third reviewer [Cees Valkenburg (CV)].
Data collection process and data items
Data from the studies were collected independently by the two review authors (BB and SK), using a specially designed data-extraction form, based on the Strengthening the Reporting of Observational studies in Epidemiology (STROBE) checklists (14, 15) . The relevant information included: year of publication, author, study design, sample size, age of subjects, gender, exposure, intervention (i.e. adenoidectomy and/or tonsillectomy), duration of follow-up, analysis of effect, and methods for assessment. Primary outcomes were intra-oral occlusal and extra-oral craniofacial measurements. Any disagreement about the extracted data was resolved by discussion and consultation with a third reviewer (CV), if necessary.
Risk of bias assessment within individual studies
The risk of bias assessment was performed by two review authors (BB and SK), independently and in duplicate. Consensus was reached by discussion, or via arbitration by a third author (CV). The Cochrane risk of bias table was completed for each included study, with six specific domains: sequence generation, allocation concealment, blinding of participants and personnel, blinding of the outcome-assessor, incomplete outcome data, selective outcome reporting, and other biases (16) . Assessment of the quality of the observational studies was further supported using the STROBE and Newcastle-Ottawa Scale (NOS) checklists (14, 15, 17) . Sequence generation, allocation concealment, and blinding of participants and personnel were presumed to be absent in all non-randomized trials and these domains were automatically considered as having a high risk of bias. If blinding of the outcome assessor was not reported, the risk of bias was considered unclear. Incomplete outcome data were considered as having a high risk of bias when drop-outs and exclusion of participants were expected to influence the results of the study. Selective reporting was recorded if subsets of important original variables were not reported and an overall susceptibility for high bias of the overall study outcomes was presumed. The potential for risk of bias by lack of control for confounding factors in the non-randomized studies was included under the domain of 'Other Bias'. The results were presented graphically, indicating low, high, or unclear risk of bias for each domain, for each article, according to the Cochrane Risk of Bias criteria (16) .
Data synthesis and meta-analysis
The findings were reported according to the Cochrane Collaboration criteria. A 'summary of findings' table was composed and descriptive data were presented when it was not possible to pool the quantitative data, due to clinical and methodological diversity. Further analysis of quantitative data was performed using RevMan 5.3. For continuous outcomes, we used the means and standard deviations (SDs) reported in the studies to calculate the differences in means with 95% confidence intervals. Meta-analysis was performed using a fixed-effect model, when no more than five studies could be pooled. Statistical heterogeneity was also assessed by eyeball-testing of forest plots and by using the χ 2 test for heterogeneity (P < 0.1).
Results
Study selection
The electronic database search yielded 1166 records. After deduplication, 963 unique citations were screened by titles and abstracts. No additional studies were found in the TRIP, CENTRAL, and Cochrane Oral Health databases, from manual searches of journals, or from grey literature and trial registries. Thirty additional records were identified mostly by hand-screening of the reference lists and one article was provided by a topic-area specialist. The full-texts of 66 titles were assessed and 50 studies were excluded. Figure 1 shows the flow diagram of the search and subsequent results. Finally, 16 relevant articles could be included in this review (Table 1) (18) (19) (20) (21) (22) (23) (24) (25) (26) (27) (28) (29) (30) (31) (32) (33) .
Risk of Bias
The overall risk of bias was considered high because all eligible studies had a non-randomized trial-design ( Figure 2 ). One study involved marked differences between cases and controls in terms of age and gender, due to the large number of children lost to followup (21) . Only one article reported blinding of outcome assessment (31) . Most reported using age-matched controls and children within the same setting. One article (24) presented stratification by gender. Two articles (28, 33) reported not only matching for chronological age, but also for the cervical vertebrae stage and the dental stage. All studies were conducted by university departments. Funding bias was unclear, but was unlikely for this type of study. A funnel plot could not be constructed because heterogeneity limited the pooling of outcomes.
Study characteristics
The studies that met the eligibility criteria were all non-randomized, prospective, observational studies, with a concurrent control group. Of the 16 relevant articles, 10 reported studies that were conducted in Sweden and six were conducted in Brazil. Six articles (18-20, 22, 24, 26) originated from the same sample of the Örebro Hospital in Sweden, which was confirmed by the main author of the study. Two other reports (25, 27) were from one study sample from Stockholm University, Sweden, with different time-intervals (2 years vs. 5 years). Two articles (28, 33) from the University of Belo Horizonte were confirmed to have the same population-sample and three other articles (30) (31) (32) were considered to represent multiple reporting of a study from the University of São Paulo, in Brazil. Therefore, seven unique study groups were identified from the 16 relevant papers. Three original studies from different parent samples (23, 27, 30) provided sufficient data for a quantitative meta-analysis. All studies recorded outcomes at least at two time points, with the first measurement immediately prior to surgery. Studies reported on nasal obstruction due to hypertrophic adenoid and/or tonsillar tissue followed by an indication for adenoidectomy and/or tonsillectomy after examination by an ear, nose, and throat (ENT) specialist. Variation in methods for assessment of this risk factor was considerable: studies reported airflow-measurements, polysomnography, questionnaires, and endoscopic ENT-examination to measure breathing problems, as well as grading of lymphoid tissue according to diverse criteria (34) (35) (36) . The patients from six articles (18-20, 22, 24, 26) were diagnosed with hypertrophic adenoids; two studies (21, 23) reported hypertrophic tonsils, while all other studies included patients with hypertrophy of both adenoids and tonsils. All selected studies included participants who underwent adenoidectomy and/or tonsillectomy. All studies used cephalometric radiographs and/or dental models as a tool to report the measurements for skeletal, dental, and soft tissue dimensions. All outcomes collected for this review were on a continuous scale, except for the assessment of the occurrence of crossbite, overjet, and overbite. The selected studies showed heterogeneity in trial design. Comparisons were made within the same group or between different groups (vs. control group) or both. Differences between groups of within one A, adenoidectomy; AT, adenoidectomy and/or tonsillectomy; b/a; before/after; y, years; CA, cephalometric analysis; DMA, dental model analysis; md., mixed dentition; na, not available; N, number of children at start; pd., primary dentition; R, age range; T, tonsillectomy; ♂,
girls.
N in bold used to sum totals of subjects in this review. All studies were prospective cohort studies.
Table 1.
Continued group-(change over time) or differences between groups at baseline and follow-up were recorded. Control groups consisted of healthy children without the need for adeno/tonsillectomy or obstructed children awaiting surgery.
Synthesis of results
The 16 included articles, based on seven unique parent samples, reported on a total of 190 children with adeno and/or tonsillectomy (mean age: 3-10.2 years). As controls, 222 healthy children and 49 obstructed children, still awaiting surgery, were included (mean age: 3-13.9). Follow-up time varied from 1 to 5 years (Table 1) . Marked heterogeneity was present in the reported findings of the different studies and few outcomes were alike among the selected studies. Table 2 shows a descriptive summary of the 14 most-frequently recorded findings, reported in at least three unique study samples. If outcomes were duplicated in articles based on the same studysample, the finding was only rated once.
Intra-oral findings
All articles were consistent in the initial finding of retroclination of the lower incisors in the patient group, which normalized towards a more labial inclination, as assessed by cephalograms before and after surgery (18, 20, 21, 24, 27, 29) . Three unique study-samples (18, 24, 27, 29) reported normalisation by proclination of the upper incisors after surgery. One study (21) reported no difference in terms of mean change as compared to controls. With regard to mandibular arch width, two studies (24, 33) reported no significant between-group differences in changes in mandibular arch width over time, while one study reported a significant reduction therein (21) as compared to healthy controls. Four study groups (18, 24, 25, 32, 33) reported an increase in the upper arch width over time and two studies (21, 31) observed no differences. The findings were based on widths measured between the upper permanent molars (18, 24) , the deciduous second molars (25, (31) (32) (33) and the deciduous canines (31-33).
Patients were compared to themselves over time (24, 25, 33) , with healthy controls (18, (31) (32) (33) , and with non-treated obstructed children (21, 33) . With regard to lateral crossbite, three studies (21, 23, 25) reported a decrease in the percentage of individuals with crossbite of the patient group after surgery, but one study (31) reported no significant decrease. Change in overjet, overbite, and palatal depth showed contradictory findings (21, 23, 29, 31-33).
Extra-oral findings
With regard to the vertical maxillary growth direction, no significant difference was seen between participants and controls, e.g. when measuring the angle between the nasal line and cranial base (NL-SNL angle) (18, 21, 23, 30) , except for one study (27) , which reported normalisation by clockwise rotation of the maxilla, with an increased NL-SNL angle, after 5 years in the patient group. With regard to mandibular growth direction, five studies (18) (19) (20) (22) (23) (24) (25) (26) (27) (28) mentioned an initial tendency for vertical growth in the patient group, which normalized to a more horizontal mandibular growth pattern after surgery. This suggested a catch-up growth pattern in the horizontal direction. Two studies reported normalisation of the gonial angle (23, 30) , while two other studies (20) (21) reported no significant changes. With regard to the anteroposterior relation, no significant differences in the angle from S to N to A (SNA angle), SNB angle, or angle from A to N to B (ANB angle) were seen between the patient and control groups preoperatively and post-operatively, in Table 2 . Descriptive summary of the 14 most frequently* reported findings in patients** in the included studies.
Outcome
Number of studies with unique study-sample After adenoidectomy and/or tonsillectomy Description of findings Intra-oral L1-Inclination 4 All studies (18, 20, 21, 24, 27, 29) showed normalization by proclination U1-Inclination 4 Three studies (18, 24, 27, 29) reported normalization by proclination, one (21) showed no difference Mandibular arch width 3 One study (21) reported decrease of arch width, two (24, 33) showed no difference
Maxillary arch width 5
Four studies (18, 24, 25, 32, 33) reported increase of arch width, two studies (21, 31) showed no difference Lateral crossbite 4 Three studies reported decreased crossbite (21, 23, 25) , one (31) showed no difference Overjet (sag) 4 Two studies (23, 31) reported increased overjet, two (21, 29) showed no difference Overbite (vert) 4 Two studies (23, 29) reported increased overbite, two (21, 31) showed no difference Palatal depth 4 Two studies (23, 33) reported decreased palatal depth, one (32) showed no difference, one (21) showed an increase Extra-oral NL-SNL 5 Four studies (18, 21, 23, 30) reported no significant difference, one study (27) showed normalization with maxillary clockwise rotation ML-SNL 5 Three studies (23, 25, 27, 30) reported normalization to more horizontal mandibular growth compared to the first measurement and/or to controls, one study (28) only in the older subgroup with deciduous dentition compared to untreated controls, one study (21) did not report difference ML-NL 5 Three studies (18, 23, 25, 30) reported normalization to more horizontal growth, one study (28) only in the younger subgroup with primary dentition compared to untreated controls. one study (21) did not report difference Gonial angle 4 Two studies (20, 21) reported no difference, two studies (23, 30) found a decrease, with tendency toward normalization after follow up SNA and ANB 3 Studies (21, 23, 30) found no difference compared to controls SNB 4 Three studies (21, 23, 30) reported no difference, one study (20) showed an increase to normalisation *Findings reported in at least 3 or more different unique study groups. **Patients compared to themselves at a second measurement and/or to a control group over time.
three studies (21, 23, 30) . Only one study (20) mentioned an increase in the SNB angle, towards normalisation, after surgery, as compared to controls.
Meta-analysis
A meta-analysis was performed to compare the within-group differences, using the generic inverse variance (GIV) method (16), before and after surgery, for the NL-SNL angle and angle between the mandibular line and cranial base (ML-SNL angle) (Figure 3 ), using a fixed-effect model, from three unique studies with sufficient homogeneity (23, 27, 30) . The matched controls for one study (23) were obtained from a growth study (37) ; thus, this fourth study was implicated for the within-group comparison of the controls. With regard to maxillary growth direction, the intergroup comparison of the NL-SNL angle before and after surgery showed no significant differences between the patient group (−0.84 95%CI: −1.86 to 0.18) and the control group (−0.29, 95%CI: −1.39 to 0.80) over time (Figures 3, 4a, and 4b) . In terms of mandibular growth direction, the intergroup comparison of the ML-SNL angle showed a significant decrease in the ML-SNL angle for the patient group (3.80, 95%CI: 2.36 to 5.25) and no significant change for the control group (1.09, 95%CI: −0.66 to 2.83), indicating an anti-clockwise growth in the patient group as compared to the non-obstructed control-children (Figures 3, 5a , and 5b).
Discussion
Summary of evidence
The purpose of this review aimed to assess the hypothesized association between upper airway obstruction and dentofacial deformities, by investigating the change in dentofacial development after adenoidectomy and/or tonsillectomy in children. After surgery, several studies showed an increase in maxillary arch width and in palatal depth, normalization towards a more labial inclination of the upper and lower incisors, and normalization towards a more horizontal maxillo-mandibular growth pattern. No changes in the vertical maxillary growth direction were found, which was confirmed by a quantitative analysis of NL-SNL. Meta-analysis showed significant horizontal catch-up growth of the mandible, as seen by a decrease of ML-SNL after surgical release of obstruction. Nevertheless, considerable heterogeneity in the populations, measurement of exposure, outcomes, and study quality impeded a single all-encompassing synthesis of the existing body of knowledge.
Quality of evidence, strengths, and limitations
The evidence in this review was obtained by a systematic literature search, without language restrictions. The data of 461 patients and controls were pooled to provide a precise overview. Of the 16 selected articles, only seven original parent-samples could be identified. To ensure the relevance of the results of this review, the summary of our findings was based only on these original studysamples. All included studies confirmed hypertrophic adenoids and tonsils, and impaired nasal breathing, by ENT-examination, using several diagnostic tests. However, objective assessment of the quantitative real-life improvements in the airflow association was limited, as measurements used for determining the amount of obstructive mouth-breathing and nasal obstruction are ill-defined (7) . Therefore, we used hypertrophy of the adenoids and tonsils, with an indication for surgical normalization, as a proxy for nasal obstruction in this review. The surgical procedure of adeno and/ or tonsillectomy also provided a clear time point at which exposure ceased in the observational studies. Every included study had a longitudinal design with measurements of parameters made at minimally two points in time. The longitudinal design yielded insight into the causality. According to the Hills (38) criteria for causation, temporality (i.e. effect occurring after the cause) is a minimal condition necessary for a causal association. Agren and colleagues have already hypothesized that this type of study design supported obstructed breathing as a cause, rather than a consequence, of negative craniofacial development (25) . We could only include observational studies, which are highly susceptible to selection bias. Only one study (33) reported exclusion of many variables that could result in imbalances between study groups. Only two study groups (21, 28, 33) provided a more equivalent comparison group, by also using untreated obstructed control cases. Two studies (21, 29) did not have age/gender-matched controls. The parallel observation of an age-matched control is mandatory, because this takes into account the natural growth-related changes. These changes are difficult to assess if children act as their own controls over time. Souki reported equal change for most of the cephalometric parameters, between groups with primary and mixed dentition, both for nasal and mouth-breathing children, showing that change could be rather associated with normal growth at different dental stages. However, the older patient group with mixed dentition showed smaller mandibular lengths (Ar-Gn, Go-Gn) and it has been hypothesized that a more marked mandibular deformity might be explained by a longer exposure of upper airway-obstruction (39) (40) (41) . The impact of adenotonsillectomy might be bigger at early age, but this was not assessed in the current review. We applied Grading Recommendations Assessment Development and Evaluation (GRADE) to assess the quality of our studies, which automatically starts at 'low' for observational design. Considering the potential for additive bias (e.g. attrition, selection, and reporting bias), we did not attempt to discriminate between stronger and weaker observational designs, because it emphasizes the increased risk of bias in the findings of all studies of this review.
Agreements and disagreements with other studies or reviews
Historically, children with nasopharyngeal airway obstruction are typically labelled as 'adenoid faces'. Linder-Aronson reported a poor correlation between two observers for the characteristics of this so-called adenoid face. Moreover, only a quarter of all cases with enlarged adenoids showed the presence of this face, leading to a conclusion that 'in examining the literature on this subject from the past 100 years, speculative theories without conclusive evidence were presented' (10). Recent systematic reviews (42, 43) aimed at finding associations between craniofacial morphology and airwayobstruction were performed with inclusion of cross-sectional studies. These reviews focused on the prognostic factors of cranio-facial morphology for obstructive sleep apnoea. Similar to our findings, a narrow maxilla, high palatal vault, and a higher frequency of posterior crossbite were reported preoperatively (42) . Unlike the previous reviews, we did not find any differences in the ANB angle but found agreement on the tendency for hyperdivergence of the mandibular plane angle of patients at baseline (42, 43) . Similar to our review, these previous reviews concluded that the observation of these findings is hampered by qualitative limitations and the heterogeneity of the findings, and insufficient reporting of the control of methodological errors (42, 43) .
Implications for practice
There is a small body of evidence to suggest that children with hypertrophic adenoids and tonsils have a tendency for normalization towards a more horizontal growth, more labial inclination of the upper and lower incisors, and improved transverse dental dimensions, postoperatively. Besides the qualitative limitations, we emphasize that although these results are insufficient to allow an orthodontic indication for surgical treatment of adenoid and/or tonsillar hypertrophy, such nasopharyngeal obstruction should be considered as a risk factor in daily practice. Forest plot of the mean intergroup difference in the change of the ML-SNL angle before (T1) and after (T2) surgery, pooled using the Generic Inversed Variance (GIV) method. Statistical heterogeneity of studies is shown by eye-balltesting of forest plots and by using the χ 2 test for heterogeneity (P < 0.1). The pooled mean difference shows a significant decrease of the ML-SNL angle compared to the control group, indicating an anti-clockwise catch-up growth in horizontal direction post-operatively. Forest plot of the mean intergroup difference in the change of the NL-SNL angle before (T1) and after (T2) surgery, pooled using the Generic Inversed Variance (GIV) method. Statistical heterogeneity of studies is checked by eye-balltesting of forest plots and by the χ 2 test for heterogeneity (P < 0.1). The pooled mean difference shows no statistically significant difference of the NL-SNL angle over time.
Implications for research
The nature of this type of research question does not allow the use of a randomized trial, as it would leave children intentionally without appropriate surgical therapy, which is considered unethical. Further studies on this subject should be longitudinal to allow inference of the cause-effect association. To improve quality, studies should at least perform blinded assessment of study models and cephalograms. Effort should be made to comprehend and adjust for confounding variables that could provide an alternative explanation for the findings of the study, e.g. age, gender, oral habits, and craniofacial morphology or abnormalities. Notable heterogeneity was seen in the assessment of exposure (obstruction due to enlarged lymphoid tissue), which may benefit from further standardization. The absence of exposure should also be verified at follow-up, along with other final measurements. Consensus about core orthodontic outcomes is moreover essential (44) to facilitate the pooling of outcomes. In summary, high-quality prospective studies, the use of standardized measurement of exposure and outcomes, with a minimal burden for juvenile patients (e.g. by intra/extra-oral digital scanning), will facilitate research on the causal association of nasopharyngeal obstruction and dentofacial deformities, and will improve understanding of the etiology.
Conclusion
Multiple studies show that hypertrophic adenoids and tonsils can be a risk factor for dentofacial deformities and adeno-/tonsillectomy provides normalization of dentofacial development. This reflects the hypothesis that nasopharyngeal airway obstruction can be a causal factor in the development of dentofacial deformities. After adeno-/ tonsillectomy, normalization of upper and lower incisor inclination, transverse dental improvement and normalization of the horizontal mandibular growth pattern was frequently reported. However, due to the high diversity and quality issues of the included studies, the available evidence remains inconclusive.
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